INTRODUCTION
North America contains the greatest global crayfish diversity with more than 300 species (Taylor et al., 1996) , but many species are known from only a single location ranking them among the most imperiled taxonomic groups. Nearly 30% of all crayfish species in North America are imperiled and require protection (Schuster, 1997) . Among many reasons that crayfish populations in the southeastern United States are declining is loss of habitat and anthropogenic disturbance from contaminants and landuse modifications. There are about 75 species of crayfish in Alabama (Bouchard, 1976; Harris, 1990) ; 42 have been listed as rare, threatened, or of special concern (Harris, 1990) . In order to conserve and restore these species, life history information is necessary. Armed with information from this type of study, protection efforts can be initiated for species in this watershed.
This study documents the first life history data available for Procambarus suttkusi, a tertiary burrower distributed within the Choctawhatchee drainage system of Alabama and northern Florida (Hobbs, 1953) . Procambarus suttkusi (Hobbs, 1953) belongs to the subgenus Pennides and the spiculifer species group (Hobbs, 1981) . The species has a dark red or olive colored carapace, with two cervical spines (Hobbs, 1953) ; black markings separate each pleura on the abdomen. In this watershed, P. suttkusi is sympatric with one other closely related stream species, P. versutus (Will Heath, personal communication, Troy University). Because of its limited range, it is listed as a species of special concern (Bouchard, 1976; Fitzpatrick, 1990) .
The present study examined the life history characteristics of P. suttkusi, including the reproductive cycle (egg size and count, sex ratios, size at sexual maturity, reproductive status), morphological data (rostral cephalothorax length), molt cycles, growth patterns, physical habitats, and population density. Water chemistry data were also collected to provide environmental data that may affect the reproductive cycle of P. suttkusi. The life history data obtained in the current study were compared to that of other procambarids found in the southeastern United States.
MATERIALS AND METHODS

Collection Sites
Crayfish were collected from the East Fork of the Choctawhatchee River (Table 1) . At the study site, the East Fork of the Choctawhatchee River is a fourth-order stream, characterized by sandy substrates, large woody debris, and overhanging vegetation. The stream channel is about 16-m wide, with an average depth of 0.4 m. The stream is moderately sinuous and has not been channelized or dredged. The riparian zone of the collection site consists of swampy forest on one side of the stream and a clear-cut bank on the other side. Dissolved oxygen for this site averaged 9.1 mg/L (6 1.2 mg/L) and the median pH was 7.5. Water clarity of this stream was relatively clear, but the average turbidity was 12.1 NTU (6 8.9 NTU) because of rain events. The East Fork of the Choctawhatchee River was selected because a 2004 survey found a substantially large population of P. suttkusi (Will Heath, personal communication, Troy University). Life history data were supplemented with data observed while collecting crayfish at seven other sites in the Choctawhatchee River watershed (Table 1) . These sites were sampled at least semi-monthly from May 2006 to September 2006.
Field Sampling
Life history data were collected monthly from February 2006 to February 2007. Data were collected semi-monthly in May and June during times that ovigerous females and females with young have been documented for other Procambarus species (Hobbs, 1981) . These individuals are often hidden and difficult to collect (Muck et al., 2002) . Procambarus suttkusi individuals were collected along a 150-m stream reach upstream from the bridge, using a Smith Root Model 12-BÒ backpack electrofisher until all possible stream habitat types were sampled, such as rootwads, woody debris, aquatic vegetation, riffles, runs, and pools.
Rostral cephalothorax length was measured to the nearest 0.01 mm using digital calipers. Each crayfish was classified as adult, YOY, and juvenile based on rostral cephalothorax length. Adult male and female classifications were determined by measuring size at sexual maturity. Young-of-the-year were recently hatched crayfish. After YOY reached a rostral cephalothorax length of 10 mm, both female and male sex organs were distinguishable. At a rostral cephalothorax length of greater than 10 mm, YOY were then classified as juveniles. They remained juveniles until they reached size at sexual maturity, 30.5 mm for males and 20.0 mm for females. Size at maturity was determined by using the carapace lengths of the smallest sexually mature males and females obtained at this site or in other streams in the Choctawhatchee watershed (Riggert et al., 1999) . Form I males, having mature gonopods, were considered to be sexually mature. Females with active glair glands, sperm plugs, or eggs were also documented as sexually mature. These classifications were further divided into categories of intermolt or molt. Molts were crayfish with soft exoskeletons that would soon molt or those crayfish that were fleshy and had previously molted. Intermolts were crayfish with hard exoskeletons. Sex ratios were determined each month and were pooled at the end of the study to obtain an overall sex ratio for P. suttkusi adults. The sex of each crayfish was determined and their reproductive status recorded. Males having mature gonopods (Form I) were classified as reproductively active, and nonreproductive males were classified as Form II males. Active glair glands, sperm plugs, and eggs were documented for reproductively active females. Sperm plugs are tissue-like substances protruding from the annulus ventralis used to store sperm that will be used to fertilize the eggs (Andrews, 1904) . Glair glands are located near the base of the swimmerets and on the uropod. These glands secrete glair, a milky white substance that attaches the eggs to the pleopods (Stephens, 1952) Ovigerous females were not obtained from the East Fork of the Choctawhatchee River; however, two were collected from other sites observed in this watershed. Ovigerous females were measured and weighed to the nearest gram. The number of eggs (fecundity) was counted by hand and egg diameters were measured using digital calipers. Physical-chemical data, measured each month using a QuantaÒ multiprobe, included temperature, pH, specific conductivity, dissolved oxygen, and turbidity. Total alkalinity and hardness were measured using EPA approved buret titration methods (8221 and 8226, HachÒ).
Habitat
Habitat data were collected quarterly along with the life history data. Habitat data for females with active glair glands were combined with data collected for females with sperm plugs because all females collected with active glair glands in the current study also contained sperm plugs. The substrate type, depth, and cover type were documented for each specimen. Cover, or micro-habitat, was classified into categories of rootwad, undercut bank, rocks, boulder, aquatic vegetation, leaf pack, logs, woody debris, overhanging vegetation, cobble, rootmat, bank, trash, and shallows. Macrohabitats, including riffle, run, and pool, were also recorded for each individual. The types of substrates documented included sand, gravel, muck, detritus, artificial substrate, clay, cobble, bedrock, slab bedrock, and hardpan.
Density
Two methods were used to obtain density estimates. The first method was a mark-recapture experiment. Sixty crayfish were marked with red nail polish on their pleon, but none were recaptured. The mark-recapture procedure was repeated, using a modified method previously used by Goellner (1943) and Fielder (1972) . The crayfish were marked by clipping the first pleura on the right side of the pleon. No crayfish were captured again in the succeeding months after the initial markings were made.
The second method used for estimating density was the line-transect method (Buckland et al., 1993) . Buckland et al. (1993) presented six main assumptions: the population to be sampled must be contained in the region that will be sampled based on a described sample space, individuals are not expected to be random because the area in which the line transect is placed justifies the data points used in the statistical analysis, the collection area must be identified but does not have to be calculated for density estimates, it must be determined with certainty that all individuals collected in the region of the line transect came from this area, individuals must be collected from their original detected location, and all measurements must be accurate. A 50-m transect was placed in an area of the stream where crayfish had been previously collected. An area was sampled within one meter of each side of the line transect.
Data Analysis
Monthly length-frequency diagrams were constructed to determine growth of juveniles and YOY and identify age classes of the East Fork crayfish population. Spearman's correlations were calculated to determine relationships between temperature and molt cycles for P. suttkusi. Kruskal-Wallis and Mann-Whitney nonparametric tests were used to compare differences in habitat use between sexes, size classes, and reproductively active and inactive individuals. Density (D) was estimated using the formula prescribed by Buckland et al. (1993) :
where n ¼ number of individuals collected, w ¼ the width of the line transect, l ¼ the entire length of the line transect, a ¼ the percentage of individuals in the area sampled, and P ¼ the number of the times the transect was sampled until individuals were no longer collected in this region. Variance (var) of n was obtained by using the formula:
where the number of individuals collected from line i, is n i , i ¼ 1, . . . .k, so n ¼ n i , L ¼ the entire length of the line transect, and l i is the length of the last transect line measured.
RESULTS
Abundance and Density
A total of 537 (36 adult males, 144 adult females, 296 juveniles, and 61 YOY) crayfish were collected from the East Fork of the Choctawhatchee River. The mark-recapture method resulted in no recaptures after tagging. The markrecapture procedure was repeated, using a modified protocol previously used by Goellner (1943) and Fielder (1972) and no crayfish were recaptured again. Therefore, density was estimated by using the line-transect method (Buckland et al., 1993) . The line transect was sampled four times: 25 crayfish were collected in the first sample, eight in the second sample, two in the third sample, and zero in the fourth sample. The population density for the P. suttkusi population of the East Fork was estimated at 0.25 individuals/m 2 (SD ¼ 2.86).
Reproductive Cycle
Males were classified as Form I or Form II based on gonopod maturity. Form I males, having a cornified (mature) gonopod, were considered reproductively active and Form II reproductively inactive. Form II adult males were found year round except in September and October from the East Fork of the Choctawhatchee River; however, Form II males were found from additional observational sites in this watershed during these months. Form I males were collected in June and July from the East Fork of the Choctawhatchee River, but additional observational data were obtained from other sites in the Choctawhatchee River watershed. From this data, it was determined that Form I males could be obtained from May until mid-September.
Reproductively active females were determined by the presence of active glair glands and sperm plugs. Sperm plugs were first observed in October and peaked in April and May. Active glair glands became visible in February and continued to be observed until July. No ovigerous females were collected from the East Fork of the Choctawhatchee River. Ovigerous females were collected in June and July from two additional sites located in the Choctawhatchee drainage. There were 141 pleopod eggs located on the female collected in June and 228 on the female collected in July. The egg diameters of the June and July females ranged from 1.0 to 1.6 mm (N ¼ 141, mean ¼ 1.3, SD ¼ 0.1) and from 1.6 to 2.0 mm (N ¼ 228, mean ¼ 1.8, SD ¼ 0.1), respectively. The eggs of the female collected in July died before hatching. One hundred and one YOY from the June female, with carapace lengths ranging from 2.2 to 3.7 mm (mean ¼ 2.9, SD ¼ 0.5), became independent from their mother in the laboratory on 28 July 2006. Presence of YOY at the end of May, collected in the field from the East Fork population, showed that ovigerous females were likely present in April. Most YOY were collected in the field in May and June. Young-of-the-year continued to be collected until the following February.
Sex ratios were recorded monthly and pooled at the end of the study to create an overall sex ratio for this species. Procambarus suttkusi females were generally more abundant than males, except in March and April. The overall sex ratio of males to females was 1: 1.07 (approximately a 1:1 ratio).
Changes in water temperature did not correlate with percentages of molting females (r ¼ À0.09, P ¼ 0.79) or males (r ¼ À0.59, P ¼ 0.07), as was expected. Males began to molt in November and peaked in January and February. Molting slowed as Form I males began to emerge in the East Fork population. No data were collected for molted male individuals in September and October because no adult males were found. Females began molting in November and Size at Sexual Maturity and Growth Patterns Size at sexual maturity for males was estimated by the rostral cephalothorax length of the smallest Form I male. The smallest Form I male collected from the East Fork had a rostral cephalothorax length of 37.1 mm (Table 2) . Data collected from additional sites in the Choctawhatchee watershed found Form I males with cepahlothorax lengths of 30.5 mm. Female maturity was estimated by the smallest female found with active glair glands, sperm plugs, or brooded eggs. The smallest mature female collected from the East Fork population had a carapace length of 20.0 mm (Table 2) . Similarly sized mature females were also observed from additional sites in the Choctawhatchee watershed.
Growth was examined using monthly length-frequency diagrams (Hamr and Berrill, 1985) ; carapace lengths between 3 and 62 mm were classified into 2-mm size intervals (Fig. 1, Fig. 2 ). The smallest YOY had a carapace length of 3.8 mm (Table 2 ), but these individuals were not able to be sexed until they reached a carapace length of 10 mm. Crayfish collected, having carapace lengths of greater than 10 mm, were classified as juveniles.
Monthly length-frequency diagrams showed YOY with carapace lengths ranging from 7 mm to 12 mm in May (Fig. 1) . The length-frequency diagram for May revealed a noticeable split in age classes between the carapace lengths of the YOY and those of juveniles from the previous generation (ranging from 19 to 32 mm). Juvenile rostral cephalothorax lengths from the previous generation rapidly increased from a range of 9 to 18 mm in February to a range of 20 to 30 mm in May. Growth patterns in June were not clear in the present study. A third group was observed in May with carapace lengths ranging from 35 to 46 mm. Six age classes were observed in July. The length-frequency diagrams suggests that P. suttkusi can live for at least 36 months (Fig. 1, Fig. 2 ).
Habitat Partitioning
Two types of habitats were recorded for each specimen: macrohabitats and microhabitats. There were no significant differences found among the macrohabitats from which adult males and females without sperm plugs, females with sperm plugs, juveniles, and YOY were collected (KruskalWallis; P ¼ 0.267 and P ¼ 0.090, P ¼ 0.253, P ¼ 0.144, and P ¼ 0.310, respectively) (Fig. 3 ). There were also no significant differences among pool, riffle, or run habitats from which molts and intermolts were collected (KruskalWallis; P ¼ 0.267 and P ¼ 0.173, respectively) (Fig. 4) . It can be seen, however, that few of the crayfish of any life stage were found in the riffle, and most were found in pool and run habitats.
Ten types of micro-habitats were recorded for each reproductive type (adult males, adult females with and without sperm plugs and active glair glands, juveniles, and YOY). Adult males were found only in rootwads and woody debris (Fig. 5) . Adult females without sperm plugs were found in rootwad, woody debris, undercut bank, aquatic vegetation, leafpack, and log habitats, but there were no significant differences among the ten habitats sampled for these individuals (Kruskal-Wallis, P ¼ 0.160). Females with sperm plugs were found in rootwad, aquatic vegetation, and leafpack habitats. There were, however, no significant differences found among all ten microhabitats documented (Kruskal-Wallis, P ¼ 0.115). Juveniles were found in all sampled microhabitats, but there were no significant differences among the ten habitats sampled (Kruskal-Wallis, P ¼ 0.064). Young-of-the-year were found in five types of habitats including rootwad, woody debris, rootmat, aquatic vegetation, and leafpack. There were no significant differences found among these microhabitats for these individuals (Kruskal-Wallis, P ¼ 0.529). Molts were found in all habitats except bank and log habitats, but there were no significant differences found among the habitats used by these individuals (Kruskal-Wallis, P ¼ 0.260) (Fig. 6) . Intermolts used all habitats, but there were no significant differences found among these habitats (Kruskal-Wallis, P ¼ 0.367).
Substrate type and water depth in meters were recorded for YOY, juveniles, adult females, females with sperm plugs, and adult males. Sand was the only substrate found at the East Fork of the Choctawhatchee River. Young-of-theyear were found at depths of 0.1 to 0.6 m, juveniles from 0.1 to 1m, females without sperm plugs from 0.2 to 0.8 m, females with sperm plugs and adult males from 0.2 to 0.7 m, and molts and intermolts from 0.1 to 1 m. There were no significant differences found among the depths where crayfish were found for YOY (Kruskal-Wallis, P ¼ 0.440), juveniles (Kruskal-Wallis, P ¼ 0.070), females without sperm plugs (Kruskal-Wallis, P ¼ 0.108), females with sperm plugs (Kruskal-Wallis, P ¼ 0.194), males (KruskalWallis, P ¼ 0.560), molts (Kruskal-Wallis, P ¼ 0.160), or intermolts (Kruskal-Wallis, P ¼ 0.225).
DISCUSSION
This study, as stated previously, presented the first available data for P. suttkusi, a species distributed in the Choctawhatchee drainage of Alabama and Northern Florida. This study showed that Procambarus suttkusi reproduced from May until September. Ovigerous females were collected in June and July. Release of YOY at the end of May suggested that ovigerous females could be found as early as April. This suggests that P. suttkusi females may brood throughout the winter months and release young the next spring. Rostral cephalothorax lengths of Species of crayfish inhabit different regions and the mosaic of habitats and chemical characteristics found in these areas make each species of crayfish unique. Procambarus suttkusi is indigenous and primarily inhabits only the Choctawhatchee River watershed of Alabama and Northern Florida, but its reproductive period was similar to other species of the subgenus Pennides. The reproductive period observed in the present study was comparable to that of P. gibbus (Hobbs, 1969) , P. spiculifer (LeConte, 1856), and P. versutus. Reproductively active P. gibbus males, with rostral cephalothorax lengths ranging from 29.8 to 48.7 mm, have been observed in April and August (Hobbs, 1981) . No ovigerous P. gibbus females have been collected (Hobbs, 1981) . It is likely that P. gibbus ovigerous females can be found at the same time as P. suttkusi because YOY were found from late spring to early summer (Hobbs, 1981) . Reproductively active P. spiculifer males, with rostral cephalothorax lengths ranging from 28.7 to 70.4 mm, and P. versutus males, with carapace lengths ranging from 16.3 to 39.2 mm, were collected throughout the year (Hobbs, 1981) . It is likely that the greatest reproductive periods for P. spiculifer and P. versutus occurred in the spring and summer because ovigerous females were collected in spring and summer of the following year. Procambarus spiculifer ovigerous females were collected in April, May, and August and those of P. versutus were found in April and June (Hobbs, 1981) .
Procambarus suttkusi egg counts ranged from 141 to 228 eggs and egg diameters ranged between 1.0 to 2.0 mm. Egg diameters and counts of both P. gibbus and P. versutus have not been documented. The number of P. spiculifer eggs ranged from 22 to 346 (Hobbs, 1981) . Up to 455 eggs have been documented for P. spiculifer, nearly double the number of brooded eggs documented for P. suttkusi in the present study (Boyce, 1969) . Egg diameters documented for P. spiculifer were similar to those found for P. suttkusi in the current study. Egg diameters for P. spiculifer ranged from 1.6 to 2 mm (Hobbs, 1981) .
Procambarus suttkusi probably matures in its first year of life and its life span may extend at least 36 months. Procambarus suttkusi juveniles from the previous generation had rostral cephalothorax lengths ranging from 9 to 18 mm in March, but grew from 17 to 30 mm by May. Growth of juveniles from the previous generation was rapid for P. suttkusi. The percentage of P. suttkusi adult males and females molting in the present study was not related to changes in water temperature. It is unclear how the growth pattern of P. suttkusi compares to that of P. gibbus and P. versutus, because growth has not been documented for these species. Taylor (1985) documented a very rapid growth period for P. spiculifer. Young-of-the-year and juveniles from the previous generation had rostral cephalothorax lengths ranging from 8 to 26 mm in March and grew to 26-30 mm by June and July (Taylor, 1985) . A more detailed life history study is needed to better understand growth and age classes of P. spiculifer.
Procambarus suttkusi females were generally slightly more abundant than males, but collections declined in March and April. This corresponded to times when most females were ovigerous and difficult to locate (Corey, 1988) . The overall sex ratio of males to females was 1: 1.07. This ratio was to be expected since procambarid species usually have close to 1:1 ratios (Deng et al., 1993; Reynolds, 2002) .
Density estimates were to be obtained by using two methods: the mark-recapture method and the line-transect method. No crayfish were recaptured using the markrecaptured method. Reasons for lack of recaptured crayfish included possibly an ineffective nail polish procedure, marked crayfish eaten by predators, or migration outside the sampling area. Therefore, density was estimated by using the line-transect method (Buckland et al., 1993) . Population density for the P. suttkusi population of the East Fork was calculated at 0.25 individuals/m 2 (SD ¼ 2.86). Crayfish inhabit a wide range of habitats that commonly provide refuge from predators and cannibalistic competitors (Reynolds, 2002) . Adult crayfish have been found in woody debris, root, or bank habitats that provide refuge during molting periods, and juveniles have been commonly found in aquatic plant habitats and shallows (Capelli and Magnuson, 1974; Reynolds, 2002) . Procambarus spiculifer has been documented as a habitat generalist and P. versutus as a habitat specialist, but these studies have not documented habitat preferences specific to females, males, females with sperm plugs, and YOY (Hobbs, 1981 ). In the current study, adult males of P. suttkusi were found in rootwad and woody debris habitats. There were no significant differences found among all ten microhabitats documented for adult females without sperm plugs or active glair glands, juveniles, YOY, molts, or females with sperm plugs in the current study. Monthly habitat assessments and further quantitation may be needed to better understand habitat associations for P. suttkusi and other species belonging to this subgenus. Hobbs (1981) suggested that P. gibbus and P. spiculifer were common in riffle habitats with rocky stream bottoms and uncommon in sandy or bedrock substrates. Procambarus versutus, however, is common in moderately swift streams with sandy substrates. Procambarus suttkusi was also tolerant of sandy substrates, but there was no preference for pool, riffle, or run habitats in this species. Few crayfish of any life stage were found in the riffle and most were found in pool and run habitats, but the small sample size precluded statistical differences in the current study. Because there was only one substrate documented at the East Fork, substrate preferences for P. suttkusi were not tested.
